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,QWURGXFWLRQ
7KHUHKDVVHHQDQLQFUHDVHLQIORRGKD]DUGHYHQWVZRUOGZLGHHVSHFLDOO\LQWKHODVWWKLUW\\HDUV&OLPDWHFKDQJHV
DQGKXPDQLQGXFHGODQGXVHLQWHUYHQWLRQVDUHGHILQHGDVLPSRUWDQWIDFWRUVFDXVLQJWKHIORRGKD]DUG>@7KHUHLVD
PXWXDOWULJJHUVLWXDWLRQWKDWWKHXUEDQDUHDVDUHWKHPRVWLQIOXHQFHGDUHDVIURPWKHIORRGDQGDOVRWKHXUEDQL]DWLRQLV
WKHPRVWLPSRUWDQWUHDVRQRIWKHIRUPDWLRQRIIORRG)ORRGLVDOVRDQLPSRUWDQWULVNIDFWRUIRURXUFRXQWU\$FFRUGLQJ
WR WKH IORRG KD]DUG VWDWLVWLFV LQ7XUNH\ ,]PLU KDV WKH JUHDWHVW IORRG ULVNZLWKLQ WKH ODUJHVW WKUHH FLWLHV ,VWDQEXO
$QNDUDDQG,]PLU%HVLGHVWKH*HGL]DQG.FN0HQGHUHVEDVLQVORFDWLQJZLWKLQWKHERUGHURI,]PLUXUEDQDUHD
DUHRQHRI WKHSULRULW\ IORRGKD]DUGEDVLQV WKURXJK WKHEDVLQV LQ7XUNH\>@ >@'XH WR WKHGHQVHXQSODQQHG
XUEDQL]DWLRQORFDWLQJDWWKHVKRUHVRIWKH,]PLUED\WKDWLVWKHFDWFKPHQWDUHDVXUURXQGHGE\KLJKPRXQWDLQVGHYRLG
RIYHJHWDWLRQ ORFDWLQJLQWKH0HGLWHUUDQHDQEDVLQZLWKKLJKDWPRVSKHULFDFWLYLW\,]PLUFRXOGEHFODLPHGWKDW LW LV
KLJKO\SRVVLEOHWRRFFXUIORRGKD]DUGLQWKHFLW\>@>@
7RSUHYHQWIORRGKD]DUGIORRGKD]DUGPDSVKDVEHFRPHRQHRIWKHLPSRUWDQWWRROVSURYLGLQJIORRGFRQWURODQGVR
UHGXFLQJWKHGDPDJHV:LWKWKHDLPRIPDSSLQJ)ORRGKD]DUGDUHDVRI,]PLULQRXUVWXG\DUHDRI,]PLUSRWHQWLDO
IORRGKD]DUG DUHDVKDYHEHHQ HVWLPDWHG DQG HYDOXDWHG:LWKLQ WKLV HVWLPDWLRQSURFHVV IORZDFFXPXODWLRQ VWUHDP
GUDLQDJHSDWWHUQVVORSHUDLQIDOOLQWHQVLW\DQGHOHYDWLRQIDFWRUVDUHXVHG7KLVVWXG\LVEDVHGRQWKHDSSURDFKXVHGE\
>@ZKLFKLVWKHK\GURORJLFDOPRGHORIIORRGDUHDVGHWHFWLRQZLWKGLIIHUHQWKD]DUGOHYHOV>@
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EDVHG VSDWLDO DQDO\VLV DQGYLVXDO HOHPHQWV DUHXVHG IUHTXHQWO\ LQ UHFHQW
\HDUV IRUGHWHFWLRQRI IORRGKD]DUGDUHDVDQGIRUSUHSDUDWLRQRIPDSV*,6DSSOLFDWLRQVDUHEDVHGRQGDWDEDVHDQG
ZKLFKDQDO\VLVWRROVKDYHORJLFDODQGPDWKHPDWLFDOUHODWLRQVKLSVEHWZHHQWKHOD\HUV>@>@>@>@*HRJUDSKLFDO
,QIRUPDWLRQ 6\VWHP DSSOLFDWLRQV PDSSLQJ DUH YDULHG DV IORRG KD]DUG PDSSLQJ IORRG KD]DUG PDQDJHPHQW
K\GURORJLFDOGDWDVWRULQJDQGPDQDJHPHQW*,6LVDGDWDPDQDJHPHQWV\VWHPWKDWVKRZVGLIIHUHQWGDWDVHWVRQWKH
VDPHPDSVXFKDVODQGXVHFRQVWUXFWLRQHQYLURQPHQWDOJURXQGZDWHUDQGWRSRJUDSK\>@>@>@>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KD]DUGDUHDPDSV7KHVWXG\DUHDORFDWHVLQWKHZHVWHUQSDUWRI7XUNH\RQWKHVKRUHVRIWKH$HJHDQ6HDEHWZHHQWKH
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R
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DQGR
HDVWORQJLWXGHVDQGFRYHUVDQDUHDRINP>@
,Q WKH VWXG\ DUHD WKHUH DUH *HGL] .XFXN0HQGHUHV DQG %DNLUFD\ ULYHUV 7KHVH ULYHUV DQG WKHLU VWUHDP EHGV
FRQVWLWXWHGHOWDSODLQVDQGWKHIORRGDUHDVRQWKHVKRUHVRIWKH$HJHDQ6HD)LJXUHVKRZV WKHPDLQSODLQVRIWKH
VWXG\DUHDZKLFKDUH0HQHPHQ3ODLQEHWZHHQ<DPDQODUDQGPDQG'XPDQOÕP0RXQWDLQVE\WKH
*HGL]5LYHUDOVRLVFDOOHG0HQHPHQ'HOWD0HQGHUHV3ODLQ7RUEDOÕ3ODLQH[WHQGLQJEHWZHHQ%R]GDJP
DQG$\GLQ0RXQWDLQVPE\WKH.XFXN0HQGHUHV5LYHU.HPDOSDVD3ODLQZKLFKLVORFDWHGLQWKHQRUWKVLGH
RI.HPDOSDúDP0RXQWDLQ
$FFRUGLQJWRWKHGDWDREWDLQHGIURPWKH*HQHUDO'LUHFWRUDWHRI0HWHRURORJ\LQWKH$HJHDQ5HJLRQWKHDYHUDJH
FXPXODWLYHUDLQIDOORIWKHLVPP7KHQRUPDOUDLQIDOOLQWKHDUHDLVPPDQGWKHDYHUDJHLQWKH
VDPHSHULRGRIODVW\HDULVPP7DEOHVKRZVWKHDVVHVVPHQWRIWKHFXPXODWLYHUDLQIDOORI*HGL]DQG.XFXN
0HQGHUHV%DVLQV>@
7DEOH&XPXODWLYHUDLQIDOOPP
%DVLQV 2FWREHU$XJXVW 2FWREHU-XQH FKDQJHV
*HGL]   
.XFXN0HQGHUHV   

7KH QDWXUDO DQGRUPDQPDGH LQWHUYHQWLRQV LQGXFLQJ WKH IORRG KD]DUG DUHPHQWLRQHG DV XUEDQ JURZWK FRDVWDO
GHOWD SODLQV VWUHDP EHGV LQ WKH LQYDOLG UHJXODWLRQV LQDSSURSULDWH ODQG XVH GHFLVLRQV LQ VORSSHG DUHDV VR WKH
GHIRUHVWDWLRQ DQG VRLO HURVLRQ FRQVWUXFWLRQV RQ ZDWHUOLQHV DQG ZDWHUZD\V GHYLDWLRQV 7KXV LW LV QRW SRVVLEOH WR
RYHUFRPHIORRGKD]DUGVZLWKRXWIXWXUHIORRGVLPXODWLRQVHYDOXDWLRQVDQGPDQDJHPHQW>@>@>@>@>@DQG
>@)RUWKLVUHDVRQLQWKLVVWXG\ZHSURSRVHDNLQGRIVLPXODWLRQPHWKRGFRQVLVWLQJRIUDLQIDOODYHUDJHVPLQLPXP
DQGPD[LPXPWKHIORZDFFXPXODWLRQVWUHDPGUDLQDJHSDWWHUQVVORSHUDLQIDOOLQWHQVLW\HOHYDWLRQLQWKHVWXG\DUHD
DQG ODQG XVH WKHPDWLF PDSV 7KHVH LQSXWV KDYH EHHQ KDQGOHG YLD *,6EDVHG ZHLJKWHG VXSHUSRVLWLRQ ZHLJKWHG
RYHUOD\PHWKRGE\FRQVLGHULQJSRWHQWLDOIORRGKD]DUGDUHDV
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
)LJ(OHYDWLRQRIEDVLQVLQ,]PLU&LW\5HJLRQ
'HWHUPLQDWLRQRI)ORRG+D]DUG$UHDVLQ,]PLU
7KHPHWKRGXVHGIRUFRPSRVLQJWKHIORRGKD]DUGDUHDPDSVLVVKRZQLQ)LJ)LUVWRIDOOWKHIDFWRUVWKDWFDXVH
IORRG DUH GHWHUPLQHG DQG WKH PXWXDO LQWHUDFWLRQ UDWLRV DUH FDOFXODWHG 7KHVH IDFWRUV DUH GHWHUPLQHG DV IORZ
DFFXPXODWLRQ VWUHDP GUDLQDJH SDWWHUQV VORSH UDLQIDOO LQWHQVLW\ HOHYDWLRQ DQG ODQG XVH %HVLGHV XVLQJ 'LJLWDO
(OHYDWLRQ0RGHO'(0ILOHVWKHLU*,6EDVHGPDSVZHUHFUHDWHG,QWKHVWXG\$UF*,6PRGXOHVDUHXVHGDV
*,6VRIWZDUH


)LJ0HWKRGRORJ\
,Q WKH VHFRQG SKDVH'(0GDWD ZDV FRQYHUWHG IURP WKH:56 JHRJUDSKLF FRRUGLQDWHV N X GHJUHHV WR870
SURMHFWLRQV\VWHP[\PHWHUVFRUGVZKLFKLVWKH1]RQHVDQG'DWXP:*6HOOLSVRLG3ULPDU\DQGVHFRQGDU\
PXWXDO HIIHFWV RI IDFWRUV KDYH EHHQ GHWHUPLQHG LQ >@ DQG >@$V VKRZQ LQ )LJ  D VWUDLJKW OLQH EHWZHHQ WZR
IDFWRUVLQGLFDWHVWKDWLWKDVDIXQGDPHQWDOLPSDFWRQWKHRWKHU7KHGRWWHGOLQHEHWZHHQWKHWZRIDFWRUVLQGLFDWHVWKDW
LWKDVDVHFRQGDU\HIIHFWRQWKHRWKHU)RUH[DPSOHZKLOHIORZDFFXPXODWLRQKDVIXQGDPHQWDOLPSDFWRQODQGXVHLW
(IIHFWLYHIDFWRUVLQIORRGV
'LJLWDOHOHYDWLRQPRGHORI,]PLU 3URGXFWLRQRIWKHPDWLFPDSVRI
IDFWRUVYLD*,6DQGUH
FODVVLILFDWLRQLQWHUPVRIWKHLU
GRPDLQ
,QWHUDFWLRQUDWHVEHWZHHQIDFWRUV
:HLJKWHGRYHUOD\
376   Sevim Pelin Ozkan and Cigdem Tarhan /  Procedia Technology  22 ( 2016 )  373 – 381 
KDVVHFRQGDU\HIIHFWRQWKHVORSH,QRUGHUWRPHDVXUHWZRGLIIHUHQWHIIHFWVRQHSRLQW LVDVVLJQHGIRUWKHPDLQ
HIIHFWVDQGDKDOISRLQWVDUHDVVLJQHGIRUVHFRQGDU\HIIHFWV,QWKHQH[WSKDVHDIDFWRUUDWHLVFDOFXODWHGDVWKH
VXPRIWKHLPSDFWVRQRWKHUV

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)LJ0HWKRGRORJ\
:HLJKWLQJDSSURDFKKDVEHHQDSSOLHGE\JLYLQJGLIIHUHQWZHLJKWYDOXH WRHDFK IDFWRUGXH WRHDFK IDFWRUVKDYH
GLIIHUHQWLPSDFWRQIORRGKD]DUG)DFWRUZHLJKWVDUHGHWHUPLQHGXVLQJWKHPHWKRGRORJ\SURYLGHGE\>@7KHUDWLRV
GHWHUPLQHGIRUWKHIDFWRUVDUHVKRZQLQ7DEOH
7DEOH0XWXDO(IIHFWVRI)DFWRUV
 ,QWHUDFWLRQV%WZ)DFWRUV 5DWHV 2XWFRPH
)ORZ$FFXPXODWLRQ PDMRUPLQRU [[  SRLQWV
6ORSH PDMRUPLQRU [[  SRLQWV
/DQG8VH PDMRUPLQRU [[  SRLQWV
5DLQIDOO,QWHQVLW\ PDMRUPLQRU [[  SRLQWV
(OHYDWLRQ PDMRUPLQRU [[  SRLQWV

,QWKHVWXG\DUHDPD[LPXPUDLQIDOOGDWDIDOOLQJZLWKLQDQKRXUUHFRUGHGLQILIWHHQVWDWLRQVRIWKHWKUHHEDVLQVDUH
XVHGWRGHWHUPLQHWKHUDLQIDOOLQWHQVLW\DVVKRZQLQ7DEOH6SOLQHLQWHUSRODWLRQPHWKRGLVVHOHFWHGZLWKLQYDULRXV
PHWKRGV RI LQWHUSRODWLRQ EHFDXVH WKLVPHWKRG LV GHILQHG DV WKHPRVW DSSURSULDWHPHWKRG IRU VWXGLHV LQYROYLQJ D
VPDOOQXPEHURIFDVHVVDPHDVLQWKHVWXG\DUHDLQWKHOLWHUDWXUH>@DQG>@
:LWKLQ WKHVH IDFWRUV ODQG XVH LV WKH GHVFULSWLYH IDFWRU ZKLOH IORZ DFFXPXODWLRQ VORSH HOHYDWLRQ DQG UDLQIDOO
LQWHQVLW\KDVQXPHULFDOYDOXHV7KHEDVLFUXOHWRHVWLPDWHIORRGKD]DUGDUHDVLVDFODVVLILFDWLRQEDVHGRQWKHGHJUHH
RIULVNRIGLVDVWHURIWKHILHOG7KHHIIHFWRIHDFKIDFWRUKDVEHHQPDSSHGLQWKHIRUPRIILYHGLIIHUHQWULVNOHYHOVDV
YHU\KLJKKLJKPHGLXPORZDQGYHU\ORZ&ODVVLILFDWLRQLVSHUIRUPHGZLWK*,6HQYLURQPHQWDQGIRUHDFKIDFWRU
WKHPDWLFPDSVDUHJHQHUDWHG)LJ
)DFWRUPDSVLQFOXGLQJQXPHULFDOYDOXHVKDYHEHHQODEHOHGLQWRILYHFODVVHVRQWKHEDVLVRI-HQN
V1DWXUDO%UHDNV
PHWKRG >@ DQG >@ 1RQQXPHULFDO YDOXHV RI IDFWRUV DUH ODEHOHG RQ WKH EDVLV RI WKH FODVVHV LPSDFWV RQ IORRG
KD]DUGIRUPDSSLQJ)RUH[DPSOHLQWKHPDSRIODQGXVHWKHOHDVWUDWLRRIODQGXVHW\SHVKDVEHHQLGHQWLILHGDVWKH
PRVWGDQJHURXVDUHD
/LQHDUFRPELQDWLRQRIWKHPDWLFPDSVDQGWKHFKRLFHRIWKHLUZHLJKWVFUHDWHWKHPDSRISRWHQWLDOULVNDUHDV,QWKH
VWXG\WRSRJUDSKLFKHLJKWGDWDLVXVHGWRFDOFXODWHWKHGLUHFWLRQRIIORZDQGDFFXPXODWLRQDQGDOVRWRGHWHUPLQH
WKHERUGHUVRI WKH IORZ)ORZDFFXPXODWLRQ LV DQ LQGLUHFWZD\ WRPHDVXUH WKHGUDLQDJH DUHDV UDVWHUXQLWV DQG LW
FRQWLQXRXVO\LQFUHDVHVZLWKGUDLQDJHRIWKHVWUHDPFKDQQHOV>@7RSRJUDSKLFVORSHDQGHOHYDWLRQSDUDPHWHUVDUH
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0DMRUHIIHFW
0LQRUHIIHFW
(OHYDWLRQ
5DLQIDOOLQWHQVLW\
)ORZ$FFXPXODWLRQ
6ORSH
/DQGXVH
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LQYHUVHO\SURSRUWLRQDOWRIORRG>@7KHIDFWRUVXVHGLQWKLVVWXG\DUHVHOHFWHGWKURXJKOLWHUDWXUHDQGRYHUDOODSSURDFK
WRIORRGKD]DUGV>@>@DQG>@
,QWKHQH[WVWHSDOOOD\HUVDUHFRPELQHGLQWKH$UF0DSHQYLURQPHQWDQGUHFODVVLILHGE\GLYLGLQJLQWRGHWHUPLQHG
FODVVHV7RPDNHDFRPSUHKHQVLYHDVVHVVPHQWRI ULVN WKHZHLJKWDQG UDWLRVRIHDFKDUHFRPELQHGE\DVVRFLDWLQJ
ZLWKHDFKRWKHU7KLVDSSURDFKFRQWDLQVPXOWLSO\LQJWKHFDOFXODWHGUDWLRDQGLWVGHWHUPLQHGZHLJKWWRFDOFXODWHWKH
WRWDOZHLJKWIRUHDFKIDFWRU$VPHQWLRQHGEHIRUHWKHILYHGLIIHUHQWODEHOOHYHOVDQGWKHLUUHSUHVHQWLQJQXPEHUVDUH
XVHG 3URSRVHG DVVHVVPHQW RI KD]DUG OHYHO H[SHUW MXGJPHQW DV VFRUHV DV VKRZQ 9HU\ KLJK   +LJK  
0HGLXP/RZDQG9HU\ORZ
*URVVZHLJKWRIWKHWRWDOZHLJKWRIDOOWKHIDFWRUVDUHVKRZQLQ7DEOH7KHUDWLRVRIIDFWRUVDFFRUGLQJWRWKHLU
LPSDFWVRQIORRGKD]DUGDUHGHWHUPLQHGIRUIORZDFFXPXODWLRQE\IRUWKHVORSHE\IRUODQGXVHE\
IRUWKHUDLQIDOO LQWHQVLW\E\DQGHOHYDWLRQE\DQGWKHPDWLFPDSVVKRZQLQ)LJDUHFRPELQHEDVHGRQ
WKHVHSURSRUWLRQV
6\QWKHVLVPDSVKRZLQJULVN\DUHDVFRQWDLQVFRPELQDWLRQRIWKHVHILYHYDULDEOHVZKLFKDUHGLUHFWO\UHODWHGWRWKH
IORRG WKDW PD\ RFFXU LQ WKH VWXG\ DUHD 7KH WKHPDWLF ODEHOOHG PDSV KDYH EHHQ FRPELQHG ZLWK WKH DSSURDFK RI
ZHLJKWLQJPHWKRGVDQGWKHILQDOIORRGKD]DUGPDSVKRZLQJULVN\DUHDVLVSURGXFHG)LJ
7DEOH0D[LPXPUDLQIDOOGDWDIDOOLQJZLWKLQDQKRXUPLQPP
6WDWLRQPQ              $YHUDJH
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          
ø]PLU              
.XúDGDVÕ              
1D]LOOL     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    
6HOoXN              
6HIHULKLVDU              
0DQLVD              
6DOLKOL              
$NKLVDU         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'LGLP              
5HVXOWVDQG(YDOXDWLRQ
8QSODQQHGSDUWRIFLWLHVZLWKLQDGHTXDWHLQIUDVWUXFWXUHDQGJOREDOFOLPDWHFKDQJHHVSHFLDOO\REVHUYHGLQWKHODVW
WKLUW\\HDUVKDVOHGWRORVVRIOLIHDQGSURSHUW\LQRXUFRXQWU\,WLVQHFHVVDU\WRGHWHUPLQHULVNDUHDVLQRXUFLWLHVE\
WKHKHOSRIPHWHRURORJLFDOK\GURORJLFDOWRSRJUDSKLFDOIDFWRUVDQGUDLQIDOOLQWHQVLW\LQGLIIHUHQWWLPHSHULRGVRIWKH
UHJLRQIRUSRVVLEOHIXWXUHIORRG%\WKLVHQGRXUZRUNIRFXVHGRQ.XFXN0HQGHUHVDQG*HGL]EDVLQZKLFKKDGIORRG
HYHQWV LQ SUHYLRXV \HDUV LQ ,]PLU 3URYLQFH 7KHVH EDVLQV KDYH IORRG KD]DUG SRWHQWLDO DIIHFWLQJ UHVLGHQWLDO DUHDV
LQGXVWULDODUHDVDQGIHUWLOHIDUPODQGV


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

)LJ7KHPDWLFPDSVRIIORZDFFXPXODWLRQVORSHODQGXVHUDLQIDOOLQWHQVLW\DQGHOHYDWLRQ

3RWHQWLDO IORRG DUHD PDS LV FUHDWHG E\ PHWKRG VSHFLILHG XVLQJ IORZ DFFXPXODWLRQ VORSH ODQG XVH UDLQIDOO
LQWHQVLW\ DQG HOHYDWLRQ IDFWRUV DQG WKH UHVXOW WKH ZHLJKWHG LQWHUDFWLRQ UDWH RI HDFK IDFWRUV 7KH OLQH RI 7RUEDOL
2GHPLVDWWKHVRXWKDQGHDVW6DVDOL)RFDDQG'LNLOL%HUJDPDOLQHDWWKHQRUWKDQGVRPHSDUWRIWKHOLQHRI&HVPH
2YDFLNDWWKHZHVWKDVEHHQREVHUYHGDVWKHDUHDVZLWKKLJKIORRGKD]DUGSRWHQWLDO7KHVHDUHDVFRQWDLQDJULFXOWXUDO
ODQGDQGLQGXVWU\LQWKHQRUWKWRXULVPODQGLQWKHZHVWDQGKXJHDJULFXOWXUDOODQGLQWKHVRXWKDQGHDVW,QRUGHUWR
SUHYHQWSRVVLEOHDGYHUVHFRQVHTXHQFHVJURZLQJQXPEHURIVHWWOHPHQWVDWEDVLQVQHZO\RSHQLQJURDGVDQGIDFLOLWLHV
LQDGHTXDWHDJULFXOWXUDOPHWKRGVQHZVHWWOHPHQWVLQVWUHDPEHGVVKRXOGEHDYRLGHG
*,6EDVHGPRGHOOLQJPHWKRGVWRLGHQWLI\IORRGDUHDVZKLFKDUHSDUWRIWKHV\QWKHVLVRIWKUHVKROGVKRXOGEHXVHG
DVDQHIILFLHQWWRROZLWKLQWKHFRPSUHKHQVLYHSODQQLQJSURFHVV%HVLGHVLWLVHVVHQWLDOWRPHQWLRQWKDWWKHDFFXUDF\
RI'(0VDPSOLQJHUURUVDQGTXDOLW\RIPHDVXUHPHQWVGHSHQGRQWKHUHVROXWLRQRIWKHJULGVL]H7KHLQWHUSRODWLRQ
WHFKQLTXHV DUH HQKDQFHG LQ WHUPV RI GHWHUPLQLQJ ULVN DUHDV 8VH RI KLJK UHVROXWLRQ '(0V FRXOG VWUHQJWKHQ WKH
DFFXUDF\RIUHJLRQDODQDO\VLVRIIORRGKD]DUGV



379 Sevim Pelin Ozkan and Cigdem Tarhan /  Procedia Technology  22 ( 2016 )  373 – 381 
7DEOH&ODVVLILFDWLRQDQGZHLJKWLQJRIIDFWRUV
)DFWRU 'RPDLQ 'HVFULSWLYH/HYHO 3URSRVHG:HLJKWD 5DWHE
:HLJKWHG
5DWHDE
7RWDO
:HLJKW
3HUFHQWDJH

)ORZ
$FFXPXODWLRQ
P
 9HU\KLJK 


 
 +LJK  
 0HGLXP  
 /RZ  
 9HU\ORZ  
6ORSH

 9HU\KLJK 


 
 +LJK  
 0HGLXP  
 /RZ  
 9HU\ORZ  
/DQG8VH
6HDVLGH
6HWWOHPHQW 9HU\KLJK 


 
6HWWOHPHQW +LJK  
$JULFXOWXUH
6HWWOHPHQW 0HGLXP  
$UJLFXOWXUH
)RUHVW /RZ  
)RUHVW 9HU\ORZ  
5DLQIDOO
,QWHQVLW\
PLQPP
 9HU\KLJK 


 
 +LJK  
 0HGLXP  
 /RZ  
 9HU\ORZ  
(OHYDWLRQ
P
 9HU\KLJK 


 
 +LJK  
 0HGLXP  
 /RZ  
 9HU\ORZ  
7RWDO  


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)LJ:HLJKWHGIDFWRUPDSVDQGFRPELQHGIORRGKD]DUGPDS
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